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Claim 

1 A method of cooling steel strip with gas j€|t which is characterized in that a protective 
gas containing H^ at a concentration of :> 50% is circulated between a cooling zone 
and a protective gas cooler and, at the same time, is blown upon a cold rolled 
low-carbon steel strip in the form of gas jets while the strip is run in a continuous 
annealing process through which a steel strip for press forming is manufactured by 
running the low-carbon steel strip successively through a heating zone, a soaking 
zone, the quenching zone, a carbon precipitating zone, and the final cooling zone. 

Detailed Explanation of the Invention 

This invention relates to the method of cooling the above-mentioned low-carbon 
cold rolled steel strip with gas jets while the strip is run in the continuous annealing 
process for manufacturing the steel strip for press forming and is contrived to quench 
the strip by. particularty. blowing the protective gas containing H2 at a concentration of 
^ 50 %. 



The results obtained from the experiments conducted by the inventors show that, in 
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order to manufacture the cold rolled steel sheet for press forming through the 
continuous annealing process, such a heat cycle is needed that, after the cold rolled 
steel strip is heated to a temperature higher than its recrystallizing temperature the 
strip is quenched to about ^ 500 . C at a quenching rate of i 30 . C/sec and 
continuously, is maintained between 300 . C and 500 . C for about 30-120 seconds 
The manufacturing method of the cold rolled steel sheet for press forming through 
such a continuous annealing process has already applied for patents (Application Nos 
Sho 46-18137. 47-61813. and others). 

It becomes clear that, when the continuous annealing process utilizing the 
above-mentioned heat ^de is executed in a relatively small-scale plant, such as the 
pilot plant, etc.. no serious problem arises, but. when the process is executed in a 
large-scale factory for large-scale production, unstable factors still exist about the 
quenching in the above-mentioned heat cycle. As described above, the quenching 
was made to quickly cool the passing strip from the heated temperature higher than 
the recrystallizing temperature of the strip to about s 500 . C at the quenching rate of ^ 
30 C/sec. It is said to be popular to use water jets or gas jets for such high-rate 
quenching. Jn the experiments conducted by the inventors, both the water jets and 
gas jets were used. The water jets were sprayed upon the passing strip from both 
sides. In this method, such a disadvantage was found that the cooling ending 
temperature became hard to be controlled due to the too fast Quenching rate and the 
strip was inevitably over-cooled to the water temperature. Therefore, it became 
necessary to reheat the strip to the carbon precipitating temperature (300-500 C) 
Another disadvantage was that the jetted cooling water became steam and formed an 
oxidized film on the surface of the strip. Consequently, a pickling process became 
necessary so as to remove the oxidized film. It is needless to say that these 
additional procesises are not desirable. It is known that, on the contrary, the 
quenching perfomied by using gas jets does not require any additional process, such 
as the reheating process, pickling processes, etc.. because the protective gas usually 
used in such annealing furnaces is used in the quenching process. For example, the 
protective gas is used for cooling strips in the final step of the well-known continuous 
annealing process for manufacturing steel sheets for tin plates. In this case, the 
protective gas is cooled by means of an appropriate heat exchanger and blown upon 
passing strips in the form of gas jets. Such a protective gas usually has a 
composition of 8 -A and 92 % N^. The concentration is lowered as much as 
possible so far as the strips are not oxidized by taking the saving of the construction 
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and running costs of facilities as well as the safety operation of the facilities Into 
consideration. The results obtained from the experiments conducted by the inventors 
indicate that, for quenching the strips from the above-mentioned heated temperature 

to ^ 500 . C at the 

quenching rate of > 30 , C/sec by using the protective gas. extremely high-pressure 
and high-speed gas jets are required. , In other words, it is not possible to obtain the 
above-mentioned quenching rate with the gas jets used in the final cooling step. etc.. 
of the continuous annealing process for manufacturing steel sheets for tin plates. 
Accordingly, the pressures and speeds of the gas gets were increased, but the 
inventors encountered such a new difficult point that the wind pressures of the gas jets 
blown upon the running strip became extremely' high and the strip strongly fluttered. 
The fluttering brought the strips into contact with gas jet nozzle plates and. as a result, 
the surfaces of the strips were scratched. The phenomenon worsened the running 
performance of the strips and. according to circumstances, made the operation of the 
line impossible. Such a quenching method that uses a quenching rate of ^ 30 . C and 
is economically sufficiently safe has not been proposed so far. This invention is 
conlrived by considering the present condition and characterized in that the protective 
gas containing > 50 % is used in circulation as gas jets. When such a protective 
gas is used in the form of gas jets, a sufficient quenching effect can be obtained even 
when the gas jets are blown with the pressure used |n the final cooling step of the 
continuous annealing process for manufacturing steel sheets for forming tin 

plates. In addition, the strip does not flutter at all. The above-mentioned 
continuous annealing mechanism for manufacturing cold rolled steel sheets for 
forming tin plates has such a configuration as that shown in Fig. 1. In the figure, a 
cold rolled coil is fed by means of a pay-off reel 2. The average dimension of the 
strip 1 is 0.4-1.2 mm (average 0.8 mm) in thickness and 700-1.500 mm in width. 
After the rolling oil adhering to the surface of the strip 1 is removed in a cleaning 
section 3. the strip is fed to a continuous annealing furnace composed of a heating 
zone 5. a soaking zone 6. a quenching zone 7. a carbon precipitating zone 8. and a 
final cooling zone 8 through a looper 4. In the heating zone 5. the strip 1 is heated to 
a temperature higher than its recrystallizing temperature and. in the soaking zone 6. 
the strip 1 is maintained between 700 C and 800 C for fixed period of time to 
facilitate the growth of crystal grains. In the quenching zone 7. the strip 1 is 
quenched from the above-mentioned temperature to s 500 . C at a quenching rate of 
about ^ 30 . C/sec and a large quantity of carbon contained in the steel of the strip 1 Is 
caused to form solid solution. In the carbon precipitating zone 8. the carbon formed 
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sohd sofution in the quenching zone 7 is precipitated by maintaining the strip 1 
between 300 . C and 500 . C for a fixed period of time. After the carbon is precipitated 
the stnp IS cooled to a room temperature in the ordinary final cooling zone 9 and rolled 
round a tension reel 12 through a looper 10 and a skin-pass rolling mill 11. On the 
rolling mill 11. 0.5-1.5 % elongation is usually given to the strip i. m general a 
protective gas containing 8 % and 92 % N. is used in the continuous annealing 
mechanism 11. In this invention, however, the cooling mechanism in the quenching 
zone 7 is constituted separately from the other zones and a protective gas containing 
, Ha at a concentration higher than those of protective gases used in the other zones is 
used. Fig. 2 shows an example of the cooling mechanism used in the quenching 
zone 7. but it is needfess to say that the cooling mechanism used for the realization of 
the quenching method of this invention is not limited to this mechanism. Fig. 3 is an 
enlarged drawing showing the relation between the strip i and gas Jet nozzles 15 
Shown in Fig. 2. After coming out of the soaking zone 6. the strip 1 Is fed to the 
quenching zone 7 through seal rolls 13. In the quenching zone 7. the strip 1 is 
forcibly quenched with gas jets blown upon the strip 1 from the groups of gas jet 
nozzles 15 ananged in parallel with each other on both ^ides while the strip 1 is run 
under the guidance of helper rolls 14, 16, and 17. 

Then the strip 1 is fed to the next carbon precipitating zone 8 through seal rolls 18. 
An example of the configuration of the nozzle groups 15 is Jown in Fig. 3. Namely, 
a protective atmospheric gas 19 containing an component at a high concentration 
is fed to the quenching zone 7 from the outside of the furnace through a gas 
introducing pipeline 20. An appropriate number of nozzles is 15 fitted to the pipeline 
20 and the gas 19 is blown upon the running strip 1 in the form of gas jets from the 
silts 21 of the nozzles 15. The blown-out protective gas comes into collision with the 
strip 1 and goes out of the furnace from the side face of the furnace in the quenching 
zone through another pipeline. After the gas from the furnace is cooled to about a 
room temperature by means of a separately installed gas cooler, the cooled gas is 
pressurized by means of a blower and again fed to the gas introducing pipeline 20. 
At the time of drculating the quenching protective gas 19. the partial leakage of the 
gas from the seal rolls 13 and 18 is unavoidable. In actual operation, therefore, a 
new protective gas containing the same component is additionally supplied from the 
top section of the furnace. 

As mentioned above, the quenching protective gas used in this invention contains 
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the Hz component at a concentration higher than those of the H2 components 
contained in the protective gases used in the other zones. The reason why the H2 
concentration is made higher is that the cooling power of the gas to the running strip 
increases as the H2 concentration becomes higher. However, the H2 concentration of 
the protective gas must be adjusted to 50 %, definitely. In this case, a decomposing 
NH3 gas is recommendable as the most economical protective gas. Since it is 
commonly known that the decomposing NH3 gas contains 75 % H2 and 25 % N2, the 
gas is extremely effective as the quenching protective gas used in this invention. As 
the blowing condition of the quenching protective gas. firstly, the gas pressures in the 
nozzles 15 are adjusted to 50-1.000 mmAq, Then the flow rate of the gas can be 
adjusted by controlling the blower in accordance with the gas pressures in the 
nozzles. 

When an appropriate damper Is attached to the outlet side of the blower as a 
concrete method, the flow rate can be adjusted easily by simply adjusting the opening 
6f the damper. When this concrete plan is adopted, the quenching speed of the 
running strip 1 can be controlled extremely easily. It is not necessary to specify the 
shape of the spray nozzles. While many kinds of deformed nozzles can t>e used In 
addition to those shown in Fig. 3, nozzles each having a plurality of slit orifices, those 
each having no orifice- nor slit-like holes, but circular holes, etc.. can be used. The 
other type of nozzles can also be used without hindrance for the quenching method df 
this invention. It is said that the most representative dimension of steel strips for 
press forming is 0.8 mm In thickness and 1,200 mm in width as mentioned above. 
Here, the results obtained from experiments carried out by variably changing the 
quenching condition are described below. 

(1) The operating conditions other than the quenching condition were fixed as follows: 

Temperature of the strip 1: 

On the outlet side of heating zone 5 : 720 . C. 

On the inlet side of quenching zone 7 : 700 . C. 

On the outlet side of quenching zone 7 470 . C (target value), 

On the outlet side of carbon precipitating zone : 400 . C, and 

On the outlet side of final cooling cone 9 : 60 , C. 

Quenching rate in quenching zone 7 : 45 . C/sec. 

Protective gas composition in zones other than quenching zone 7 

8 % Ha and 92 % N2, 
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Staying time of the strip 1: 
in heating zone 5 
In soaking zone 6 
In quenching zone 7 
In carbon precipitating zone 8 
In final cooling zona 9 



Approx. 50 seconds, 
Approx. 40 seconds, 
Approx, 5 seconds. 
Approx. 90 seconds, and 
Approx. 60 seconds. 



(2) In the first experiment, the composition of the protective gas used for quenching 
the strip 1 in the quenching zone 7 was adjusted to 8 % Hj and 92 % Nj which was 
equal to those of the protective gases used in the other zones. The flow rate of the 
quenching protective gas 19 was gradually increased by slowly opening the damper 
on the outlet side of the blower for quenching. 

In this experiment, the temperature of the strip 1 on the outlet side of the 
quenching zone 7 gradually dropped, but the fluttering of the running strip 1 became 
stronger when the gas pressure in the spray nozzles IS reached about 300 mmAq 
and scratches started to appear on the surface of the strip i. The scratches were 
caused when the fluttering strip 1 came into contact with the nozzles 15. The then 
temperature (on the outlet side of the quenching zorfe 7) of the strip 1 was 590 . C (the 
quenching rate was about 22 . C/sec) which was far from the above-mentioned target 
temperature of 470 C. Accoi-dingly. the flow rate of the quenching protective'gas was 
increased by more opening the damper. When the f\cw rate was increased, the 
fluttering of the strip 1 became stronger and. when the gas pressures in the 
nozzles 15 reached 800 mmAq. the strip 1 caused a reduction of area. 

Finally, the facilities fell into an unoperatable state as a whole. The then 
temperature of the strip 1 on the outlet side of the quenching zone 7 was only 520 C 
(the quenching rate was about 36 . C/sec). This fact indicates that the temperature of 
the strip 1 is not able to reach the target value of 470 . C even when the gas pressures 
are raised to 800 mmAq. In other words, this tells that such a quenching rate that 
can sufficiently transfomi the carbon contained in the steel of the strip 1 into solid 
solution is hardly obtained when the usually used protective atmospheric gas 
containing 8 % and 92 % Nj is used. It is needless to say that, when the carbon is 
not sufRciently transformed into solid solution, the carbon will not be precipitated 
sufficiently in the carbon precipitating step. 

(3) In the second experiment, therefore, the concentration in the protective gas 19 
was gradually increased while the gas pressures In the nozzles 15 were maintained at 
300 mmAq after the opening of the damper was adjusted. This adjustment was 
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made easily by gradually closing the valve of the pipeline for an ordinary 8 % H2 and 
92 % N2 protective gas and gradually opening the valve of the pipeline for a 75 % H2 
and 25 % N2 protective gas among the pipelines for supplying protective gases to the 
quenching zone 7. As the H2 concentration gradually increased, the temperature of 
the strip 1 on the outlet side of the quenching zone 7 smoothly dropped and. when 
the H2 concentration became 30 %, the temperature of the strip 1 roughly reached 
the target value of 470. C. When the H2 concentration reached 50 %, the temperature 
of the strip 1 reached the target value. The fluttering phenomenon that was seen in 
the first experiment did not occur in the second experiment. Although the experiment 
was continued and the pipeline for the 8 % H2 and 92 % N2 gas was closed and the 
pipeline for the 75 % H2 and 25 % N2 gas was fully opened, the facilities could be 
operated in an extremely stable state. From result of this experiment, it is confirmed -x 
that the temperature of the strip 1 can be achieved easily to 470**C even when the 
gas pressures in the nozzles 15 are 200 mmAq by using high H2 concentration gas, 
and the largest advantage (knowledge) is that the spraying pressures of the 
protective gas 19 (in the nozzles 15) can be reduce. It is confirmed that the 
temperature of the strip 1 can easily be lowered to 470.C even when the gas 
pressures in the nozzles 15 are lowered to 200 mmAq. In addition, the running 
performance of the strip 1 is extremely stable and the surface of the strip 1 is not 
scratched. Thus, when the cooling method of this invention is used, the quenching to 
be performed for effectively precipitating the carbon contained in the steel of the strip 
1 can be performed easily and^^stably without hindering the running perfomnfance of 
the strip 1 . Since the cooling rate becomes freely controllable, particulariy, it is not too 
much to say that this invention is the first means that economically solves the 
important problem which rises at the time of manufacturing a cold rolled steel sheet 
for press forming through the continuous annealing process and gives a large benefit 
to the iron*manufacturing industry. 

Brief Explanation of the Drawings 

Fig. i is the schematic drawing of the continuous annealing process for 
manufacturing steel plates for press forming and Fig. 2 is an example of the 
quenching zone shown in Fig. 1. Fig. 3 is the partial enlarged view of Fig. 2 and Fig. 
4 is a graph showing the relation between the concentration of the protective gas in 
the quenching zone and the temperature of the strip on the outlet side of the 
quenching zone. 

In the drawings. 1. 2, and 3 respectively represent the running strip, pay-off reel, 
and cleaning section and 4, 5, and 6 respectively represent the inlet-side looper, 
heating zone, and soaking zone. Then 7, 8. and 9 respectively represent the 
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quenching zone, carbon precipitating zone, and final cooling zone and 10 11 and 12 
respectively represent the outlet-side looper. skin-pass rolling mill, and taka^up reel 
In addition. 13 and 18 and 14. 16. and 17 respectively represent the seal rolls for 
quenching zone and helper rolls for running strip and 15 shows the groups of nozzles 
for spraying the protective gas. Moreover. 19. 20. and 21 respectively represent the 
introduced protective gas. pipelines for Introducing protective gas. and slits of the 
nozzles 15. 
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